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Abstract 
This paper explores the impact of learning problem solving tools such as Theory of Inventive Problem Solving (TRIZ) 
on self-efficacy. The paper utilises survey responses from 94 students who were enrolled in an RMIT-wide elective which 
taught students tools of TRIZ between 2006 and 2010. It was found that there were correlations between questions of 
self-efficacy and questions of attitude when facing future problems. A stronger correlation was observed between self-
efficacy judged on enactive mastery experience (past performance) compared to self-efficacy judged on vicarious 
experience (peer comparison). Learning TRIZ was found to have a stronger influence on self- efficacy judged on past 
performance. The findings in this study suggest that learning specific tools of problem solving together with effective 
implementation can assist with the development of self-efficacy. Self-efficacy is vital as it impacts the willingness to face 
future problems which has a role in the improvement of problem solving ability. We propose that learning TRIZ leads to the 
development of problem solving skills. This paper is part of an ongoing PhD research that addresses the issue of the 
measure and transferability of innovative problem solving skills within the engineering field. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Problem solving ability is a fundamental skill that one should have. No doubt we are confronted by the need to 
solve problems on a daily basis. Existing literature sought to clarify the complexities that are involved in the 
problem solving process. Most research findings on problem solving come from fields that have definitive 
solutions such as the mathematics, physics or puzzle domain [1-4]. Problems that are encountered in day-to-day 
life are seldom defined with exact solutions. There is a need to understand problem solving in a semantically-
rich domain that mimics real-life problems. One way to go about it is to understand problem solving from the 
engineering perspective. 
Education of engineers is focused on developing the engineers’ ability to solve problems [5-6]. In 
engineering, problems are seldom defined and a problem may have many solutions. Similar to real-world life 
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problems, engineering problems are complex and call for creative solutions. So how does one go about 
solving problems? 
Past research suggest that problem solving requires a number of key steps: understanding the problem, 
planning, execution and re-evaluation [1, 3]. This leads to widely accepted definition of good problem solving 
as the ability to identify and analyse a problem, select and organise relevant information, represent the 
problem, translate relevant information towards finding a solution, identify one or more strategies, apply and 
evaluate strategies [7]. Engineers are expected to have the ability to identify the technical nature of the 
problem, achieve a solution and evaluate the impact of the solution to the system under improvement [8]. 
It is proposed that engineering educators can teach problem solving skills in two ways: infusion and 
enrichment [9-10]. Findings in our previous paper suggested that conscious awareness of the use and basics of 
a methodology is vital to the improvement of problem solving skills [11]. Therefore, we propose it is imperative 
that problem solving tools are taught explicitly. This paper further investigates how learning tools of 
problem solving like TRIZ can impact problem solving ability. 
2. TRIZ – A problem solving tool 
TRIZ has been taught to students at RMIT University since 2006. It is conducted as a 13-week elective in 
Semester 2. The course is available to second through fourth year students in the engineering program. This 
course is the only course in the university that is geared towards teaching students general problem solving 
tools. Students were taught the following tools in the course: 
1. Situation Analysis 
2. The Method of the Ideal Result 
3. Systematised Substance – Field Analysis 
4. The Contradiction Table and 40 Innovative Principles 
Students were assessed using four individual assignments and one group project. The group project was not 
limited to technical engineering problem. Students were encouraged to choose an area of need that exists in 
real-life. Students were required to use the Seven Steps of Systematic Thinking procedure [12] for their group 
project. Task Evaluation & Reflection Instrument for Student Self-Assessment (TERISSA) was also utilised. 
TERISSA required the students to individually evaluate the complexity of a problem when it was presented and 
after it had been resolved. Students had to reflect on the solutions and the discrepancy that may occur between 
the initial and final evaluations. This dual reflection required students to engage in meta-cognitive reflection as 
cognitive dissonance is experienced when there is a discrepancy between the initial and final evaluation. For 
more information about the tools included in the course, please refer to [10, 13-14]. 
Belski and Belski suggested that TRIZ is effective because tools within TRIZ assist with the cognitive aspects 
of problem solving [15]. Past evaluations of the course have shown that learning TRIZ leads to an improvement 
in students’ perceptions of their problem solving and thinking skills [10, 16]. TRIZ tools were found to assist 
the students with the problem representation stage and the solution generation phase [16]. In previous studies, 
improvements were noted with a smaller sample group. In this current study, we wanted to investigate if the 
trend continues with a larger sample pool. While past studies reported improvement in self-perception, this 
paper attempts to delve even deeper and explore the impact of learning TRIZ on self-efficacy. 
3. Self-efficacy and problem solving 
Role of self-efficacy in problem solving life problems, engineering problems are complex and call for 
creative solutions. So how does one go about solving problems? Past research suggest that problem solving 
requires a number of key steps: understanding the problem, planning, execution and re-evaluation [1, 3]. This 
leads to widely accepted definition of good problem solving as the ability to identify and analyse a 
problem, select and organise relevant information, represent the problem, translate relevant information 
towards finding a solution, identify one or more strategies, apply and evaluate strategies [7]. Engineers are 
expected to have the ability to identify the technical nature of the problem, achieve a solution and evaluate the 
impact of the solution to the system under improvement [8]. 
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It is proposed that engineering educators can teach problem solving skills in two ways: infusion and 
enrichment [9-10]. Findings in our previous paper suggested that conscious awareness of the use and basics of 
a methodology is vital to the improvement of problem solving skills [11]. Therefore, we propose it is imperative 
that problem solving tools are taught explicitly. This paper further investigates how learning tools of 
problem solving like TRIZ can impact problem solving ability. 
 
4. TRIZ – A problem solving tool 
TRIZ has been taught to students at RMIT University since 2006. It is conducted as a 13-week elective in 
Semester 2. The course is available to second through fourth year students in the engineering program. This 
course is the only course in the university that is geared towards teaching students general problem solving 
tools. Students were taught the following tools in the course: 
5. Situation Analysis 
6. The Method of the Ideal Result 
7. Systematised Substance – Field Analysis 
8. The Contradiction Table and 40 Innovative Principles 
Students were assessed using four individual assignments and one group project. The group project was not 
limited to technical engineering problem. Students were encouraged to choose an area of need that exists in 
real-life. Students were required to use the Seven Steps of Systematic Thinking procedure [12] for their group 
project. Task Evaluation & Reflection Instrument for Student Self-Assessment (TERISSA) was also utilised. 
TERISSA required the students to individually evaluate the complexity of a problem when it was presented and 
after it had been resolved. Students had to reflect on the solutions and the discrepancy that may occur between 
the initial and final evaluations. This dual reflection required students to engage in meta-cognitive reflection as 
cognitive dissonance is experienced when there is a discrepancy between the initial and final evaluation. For 
more information about the tools included in the course, please refer to [10, 13-14]. 
Belski and Belski suggested that TRIZ is effective because tools within TRIZ assist with the cognitive aspects 
of problem solving [15]. Past evaluations of the course have shown that learning TRIZ leads to an improvement 
in students’ perceptions of their problem solving and thinking skills [10, 16]. TRIZ tools were found to assist 
the students with the problem representation stage and the solution generation phase [16]. In previous studies, 
improvements were noted with a smaller sample group. In this current study, we wanted to investigate if the 
trend continues with a larger sample pool. While past studies reported improvement in self-perception, this 
paper attempts to delve even deeper and explore the impact of learning TRIZ on self-efficacy. 
5. Self-efficacy and problem solving 
Role of self-efficacy in problem solving 
x Q2 – Problem solving tools are of vital importance 
x Q3 - I am never intimidated by the unknown problems 
x Q4 - I am unable at tackling unfamiliar tasks 
x Q5 - So far I have been able to resolve every problem I faced 
x Q6 - I am certain that I am able to resolve any problem I will face 
While past published research showed general improvements in all these questions [10, 16], we wanted to 
delve deeper as to what these questions really mean and if there were existing relationships between the 
questions. In particular we were interested in specific questions that we believed to allude to self-efficacy and 
attitude when facing future problems. We identified Q1 and Q5 to be self-efficacy questions. We believe that 
in Q1, to judge if one is a “good” problem solver, they are more likely to base “goodness” by comparing 
themselves against their peers. Q5 specifically asks students on their perception of their problem solving 
ability based on their past performance. Hence, we assumed that Q1 is an indication of self-efficacy developed 
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when measured against other peers (vicarious experience) and Q5 is an indication of self-efficacy developed 
based on past performance (enactive mastery experience). 
We identified Q3 and Q6 as questions that allude to the attitude when facing future problems. We 
believed that if students are not intimidated in facing unknown problems (Q3), it indicates the willingness to face 
new problems. We also believed that if students are certain that they can resolve future problems (Q6), they are 
more likely to be willing to face future problems. 
We decided to group the questions into the following category; self-efficacy (Q1 and Q5) and attitude when 
facing unknown problems or future problems (Q3 and Q6). We wanted to see if there were relationships 
between the two groups of questions. 
To test H1 (Increased self-efficacy will lead to increased confidence in facing unknown problems), we 
compared responses in Q1 to Q3 and Q6 (as illustrated in Fig. 1a). We also compared responses in Q5 to Q3 and 
Q6 (as illustrated in Fig. 1b). 
       
Fig. 1: (a) Data comparison between vicarious experience based self-efficacy and attitude when facing future problems; (b) Data comparison 
between enactive mastery experience based self-efficacy and attitude when facing future problems. 
To investigate H2 (Efficacy built on past performance experience is a better indication of better 
confidence in facing future problems), we compared the correlation coefficient when questions referring to self-
efficacy are compared against questions referring to attitude when facing future problems. Correlation 
coefficient closer to 1 or -1, indicates stronger correlation [19]. In this analysis, responses were not separately 
considered as pre- and post- data. We believed if significant relationships between the questions exist the data will 
not be influenced by the course. 
To test H3 (Learning TRIZ leads to better self-efficacy that is based on past performance), we 
compared the means or the pre- and post- evaluation responses in Q1 and Q5. During 2006-2008, pre- and 
post- data were not matched per participant. In 2009 and 2010, evaluations were refined such that before and 
after data can be matched to track individual changes per participant. Due to these reasons, pre- and post- data 
were treated as independent set of data in the statistical analyses. All statistical analyses were carried out 
with the use of SPSS software. 
6. Findings 
Prior to evaluating the relationships between questions that relate to self-efficacy and attitude when facing 
future problems, Kolmogorov-Smirnov Test was carried out. This test was carried out to determine the most 
suitable statistical test for the data we obtained. Due to the violation of parametric assumption of normal 
distribution in the data, the Spearman’s rho was used as a test for correlation. To test H1 and H2, we carried out 
a one-tailed significance test as the hypotheses were directional. 
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It was found that there were statistically significant correlation between questions of self-efficacy and 
questions that allude to attitude when facing future problems (Table 1). In all cases, statistically 
significant correlation coefficient was observed (p<0.001). 
In the case of comparing Q1 to Q3 and Q6, a positive correlation was found. Similarly when Q5 was 
compared to Q3 and Q6, a positive correlation was observed. As self-efficacy increases, the willingness to face 
future problem also increases. Based on these findings we confirm H1: self-efficacy is most likely to influence 
the willingness to face unknown problems. In investigating which type of self-efficacy has a stronger correlation 
with attitude when facing problems, the correlation coefficients were considered. It was observed that Q5 has 
higher correlation coefficient than Q1, when compared to Q3 and Q6. This indicates that self-efficacy 
developed based on past performance is likely to be a better predictor of attitude when facing future 
problems. This supports H2. 
Table 1: Correlation matrix between self-efficacy and attitude when facing unknown problems. 
 
The pre- and post- evaluation of students’ perceived problem solving ability were also analysed and the 
results are shown in Table 2. In both questions considered, improvements of perceptions after the course 
were observed. Due to the violation of the assumption of normality for each question, non-parametric 
methods were used for statistical inference. According to the Mann-Whitney U Test, the differences 
between the before and after perception were all statistically significant in all the questions (p<0.01). 
Table 2: Comparison of mean before and after the course 
 Q1 Q5 
Mean Before 3.39 2.34 
Mean After 4.04 3.47 
Change 0.65** 1.13** 
** Change is significant at the 0.01 level (1-tailed) 
Q1 – I am very good at problem solving 
Q2 – So far I have been able to resolve every problem  I faced 
Although both differences in Q1 and Q5 were statistically significant, change in Q5 was greater than the 
change in Q1 (Q5=1.13, Q1=0.65) as seen in Fig. 2. This finding supports H3: learning TRIZ is perceived 
by the students to have a higher impact on self-efficacy judged on enactive mastery experience. 
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Fig. 2. Changes in responses in Q1 and Q5. 
7. Discussion 
We observed in our data that there is a positive relationship between self-efficacy questions and questions 
pertaining to attitude when facing unknown or future problems. This is particularly important as we observed in our 
previous study [11], that overcoming challenges is crucial to the development of problem solving skills. It is only 
through the constant re-evaluation of assumptions and beliefs that one goes through when facing challenges, can one 
learn to be a better problem solver. 
Bandura proposed that the most accurate self-efficacy is the one that is developed through enactive mastery 
experience [18]. This was verified in our data. Stronger correlations were observed between the question that relate 
to self-efficacy judged on past performance and questions pertaining to attitude when facing future problems. The 
data suggests that while self-efficacy based on peer evaluation is important, it is more imperative for students to 
develop self-efficacy that is based on their past experience. 
 
Fig. 3. Self-efficacy impacts attitude when facing future problems. 
In evaluating the impact of learning TRIZ on self-efficacy, like previous results [10, 16] we found general 
improvements in perceptions. Using a larger sample size, this trend towards improvement of perceptions at 
the completion of the course continues. When comparing responses of the pre- survey against the responses 
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of the post- survey, students report statistically significant improvements of perception in the questions 
considered. 
 
 
Fig. 4. Learning TRIZ has higher impact on self-efficacy judged on past experience. 
Learning TRIZ was observed to have an impact on both types of self-efficacy. We may attribute this to the 
specific tools that were taught. In Belski and Belski, it was proposed that tools within TRIZ help students 
with the problem representation and the search of problem solutions [15]. Specific tools that were deemed to 
be more helpful by the students in that study were Situation Analysis, the Method of the Ideal Results and Su-
Field Analysis. We propose that being equipped with specific tools made students feel more confident in 
tackling future problems. 
In investigating which self-efficacy is impacted more by learning TRIZ, a higher change was observed in the 
responses to the question that pertains to self-efficacy judged on past performance. Although, peer comparison 
based self-efficacy also has a slight increase, the data suggests TRIZ has a lesser impact on it. One explanation 
for this is because in the course all the students were taught the same tools and did the same assignments. So 
students in the course were more likely to rate themselves similar as their cohorts resulting in a smaller 
improvement of opinions. These results suggest that the TRIZ course has a higher impact on self-efficacy based 
on enactive mastery experience. 
So why did the TRIZ course have a stronger impact on enactive mastery experience based self– efficacy? We 
may be able to attribute this to the way assessments were carried out. By breaking up the course assessments over 
five components, students were able to evaluate their performance throughout the whole semester. Although group 
work was deployed, students were required to understand the tools in their individual assignments first. This made 
them more aware of their own understanding of the tools taught in the course. We believe the use of TERISSA also 
contributed to students’ self-efficacy in the course as TERISSA provided students with immediate feedback on their 
performance. 
Findings in this study suggest that methodology can be utilised to promote self-efficacy. The 
methodology and the way it is taught have an impact on the type of self-efficacy that can be developed. It is 
suggested that judgment of self-efficacy based on past performance is of more value as such self- efficacy is 
a better predictor of the willingness to face future problems. Such self-efficacy is also more accurate. This is 
imperative for the development of long-term problem solving skills. After all, it is only by facing more problems 
does one learn to be a better problem solver. 
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Fig. 5. The link between methodology and the development of problem solving skills. 
8. Limitations and future research 
There were limitations in this study that can be addressed in future research direction. The responses of 
students in the pre- and post- surveys were not individually matched. Part of our future research direction, we will 
be collecting matched pre- and post- data so that we will be able to investigate individual student responses. This 
will give us better understanding of the course’s impact. 
Data in this study shows promising results, but further experimentations would be required to further verify 
the findings. The use of control data would be valuable. Continuous evaluation of this course should be 
carried out to ensure the trend continues. 
Future research would need to be carried out to investigate which specific aspect, the tools and/or the course 
set-up contribute to the development of self-efficacy. It would also be interesting to compare the findings of 
these results with other TRIZ courses or even other problem solving courses. 
9. Summary 
This paper is part of an ongoing PhD research that addresses the issue of the measure and transferability of 
innovative problem solving skills within the engineering field. Specifically, we were interested in the 
relationship between methodology and self-efficacy. This study utilises survey data from 94 students who were 
enrolled in an RMIT-wide elective which taught students tools of Theory of Inventive Problem Solving 
(TRIZ) between 2006 and 2010. We isolated two questions that we believe to be indicators of self-efficacy 
(enactive mastery and vicarious experience based) and compared them against two questions that we believe 
to be indicators of attitude when facing unknown problems. 
Results from this study have shown that self-efficacy is a predictor of students’ willingness to face future 
problems. It confirms that enactive mastery experience based self-efficacy is likely to be a better predictor of 
willingness to face problems. It was observed that TRIZ impacts both types of self-efficacy. However, we 
propose that the TRIZ course has a stronger impact on self-efficacy judged on enactive mastery experience. 
We conclude that learning problem solving tools such as TRIZ can increase self- efficacy. It is important to 
note the way the tools are taught also play a role in encouraging self-efficacy. 
Courses in problem solving should focus on developing self-efficacy judged on past performance 
because self-efficacy based on enactive mastery experience has a stronger influence on the willingness to face 
new problems. This will motivate learners to face future challenges which assist with the development of their 
problem solving skills. 
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